The production of immunoglobulin by six cell lines derived from bursal tumors induced by avian leukosis virus follows two general patterns: (i) three cell lines that have been extensively passaged in culture synthesize and secrete light chains only; (ii) three cell lines that are recently isolated produce and secrete monomeric immunoglobulin M in addition to free light chains. All six cell lines synthesize and secrete both glycosylated and unglycosylated forms of light chain. We conclude that the cell lines established from lymphomas induced by avian leukosis virus represent relatively mature, but possibly abnormal, stages in the development of chicken B-lymphocytes. The immunoglobulin M produced by the cell lines failed to form detectable immune complexes with avian leukosis virus. It therefore appears that the imunoglobulin M is not directed against viral antigens and that autogenous antigenic stimulus cannot account for the sustained growth of the neoplastic B-lymphocytes.
Avian leukosis virus (ALV) induces lymphoid leukosis in newly hatched chickens of susceptible strains after a long period of latency. The earliest neoplastic changes are observed in the bursa 4 to 8 weeks after infection, but death from disseminated lymphomas occurs only 5 to 9 months later (31) . Since ALV-induced lymphoid leukosis can be prevented by bursectomy, the hematopoietic target cells for ALV are thought to reside in the bursa of Fabricius (30) . Although previous work demonstrated the production of immunoglobulin M (IgM) by the tumors (6) , suggesting that the lymphoma is a malignancy of B-lymphocytes, the precise immunological phenotype of the tumor cells has not been reported.
It has been postulated that hemopoietic tumors induced by leukemia viruses are cells arrested at a particular stage during their differentiation. In this view, the tumor cells continue to express "normal" differentiation markers (2) . However, it is also possible that tumorigenesis perturbs the differentiation program and that the tumor cells no longer represent a normal stage in development (7, 8) . To ascertain whether leukemogenesis perturbs differentiation or merely leads to differentiation arrest, it is necessary to determine how precisely the tumor cells repre to the discovery of previously unknown stages in development or may otherwise enhance our knowledge of the differentiation pathway in question.
The process of immunoglobulin gene expression during B-cell development in mice can be divided into four stages (14) : (i) ,t heavy chain, but not light chain, is expressed in the cytoplasm; (ii) light chain is synthesized and the assembled IgM monomer is displayed on the cell surface; (iii) IgM is secreted in the form of pentamer, and (iv) other classes of immunoglobulin are synthesized and secreted. Assuming that a similar sequence of events occurs during avian B-lymphocyte development, we analyzed the expression of immunoglobulin genes in cell lines derived from lymphomas induced by ALV. Our results indicate that the avian lymphomas represent a relatively advanced stage in B-cell development and that their immunological phenotypes are not entirely normal.
Presently there are two models proposed to explain leukemogenesis by ALV. According to the first model, neoplastic transformation by ALV results from the activation of a cellular oncogene(s). This conclusion is based mainly on two findings: (i) most of the lymphomas display enhanced expression of a previously recognized cellular oncogene (c-myc), apparently consequent to the integration of ALV DNA (12, 28) ; and (ii) the DNA of lymphomas contains an active transforming gene that can be detected by transfection into NIH 3T3 mouse cells and is not related to c-myc (5 (17, 27) .
Immunoprecipitated proteins were resolved by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis according to Laemmli (15 
RESULTS
Biosynthesis of immunoglobulins in ALV-induced lymphoma cells. The production of immunoglobulin was analyzed by immunoprecipitation with specific antisera. The pattern of immunoglobulin production varied among different cell lines, but took two general forms. Figure  1 shows the immunoglobulin synthesized by the 1104X-5 cell line, representative of one general pattern. When antiserum against all classes of chicken immunoglobulin was used, three polypeptides with molecular weights of 30,000, 28,000, and 27,000 were specifically precipitated When the samples were analyzed under reducing conditions, three classes of polypeptides with molecular weights of 77,000, 32,000 to 32,500, and 29,000 were recovered (Fig. 2, lanes  b and e) . It therefore appears that the 210,000 Mr protein precipitated without denaturation represents immunoglobulin composed of one dimer of heavy chain (Mr 77,000) and one dimer of light chain (Mr 32,000 to 32,500 or Mr 29,000). Antiserum directed against chicken R heavy chain precipitated the same set of proteins (Fig. 2 , lanes c and f). We therefore conclude that the cells produce and secrete IgM. We recognize that the antisera used in this identification may not be monospecific for the IgM isotype, but our conclusion is nevertheless in accord with previous reports (6, 25) .
The pattern of light chains produced in cell When 1104X-5 cells were treated with tunicamycin, the appearance of the more slowly migrating light chains was prevented (Fig. 3, (Fig. 3 , lanes e through h).
complexes were ions on a 6 to Wo In addition, instead of the Mr 77,000 p. heavy -duced forms on a chain, two polypeptides with molecular weights of 76,000 and 68,000 were recovered (Fig. 3,  lanes g and h) . It seems reasonable to assume that the proteins with molecular weights of line SC-2L was the same as in the 1104X-5 cells described above, although the molecular weights of the light chains were different (Table  2 ). In addition, the 28,000 Mr protein which could be precipitated from 1104X-5 cells by contaminating antibody was not present in cell line SC-2L.
To detect the presence of pentameric IgM, we also analyzed unreduced samples on a 3% polyacrylamide gel. The results indicated that the cells secreted monomeric IgM (Mr 210,000, as described above) instead of pentameric IgM (data not shown). We also observed that, whereas equal amounts of p. heavy chain were precipitated by antiserum against total chicken immunoglobulin and antiserum specific for p. heavy chain, at least fivefold more light chains were precipitated by antiserum against all classes of chicken immunoglobulin (compare lanes b and c and lanes e and f in Fig. 2 ). This indicated that the cells have a large pool of free light chains and that free light chains were secreted.
Our data show that the pattern of immunoglobulin production by ALV-transformed cells can be classified into two types ( Figure 4 illustrates that only the slowly migrating light chains were glycosylated; this result is consistent with the results obtained with tunicamycin.
The above data indicate that the two forms of light chains are probably related; one form is glycosylated, the other is not. We have also used partial hydrolysis with the V8 protease to compare light chains produced and secreted by the 1104X-5 cell line in the absence and presence of tumicamycin. Several points emerged. First, the same fragments were obtained by hydrolysis of the intracellular and extracellular forms of the lower-molecular-weight light chain (Fig. 5, lanes  a and d) . Second, the single light chain remaining in the presence of tunicamycin and the lower-molecular-weight form observed in the absence of tunicamycin yielded identical patterns of fragments (Fig. 5, compare lanes a and b  and lanes d and e) . It is therefore unlikely that the higher-molecular-weight light chain represents a second protein that in its unglycosylated form happens to comigrate with the lower-mo- (22, 23) ; thus each cell line we examined is probably producing a single type of light chain, both unglycosylated and glycosylated. Third, the pattern of fragments obtained by hydrolysis with V8 protease revealed glycosylated domains within the light chains. The electrophoretic mobility of one fragment from the intracellular glycosylated light chain was greatly retarded as compared to the unglycosylated form (Fig. 5, lanes a and c) . We attribute the retardation of mobility to glycosylation (34) . The same peptide was also glycosylated in the secreted form of the light chain, as was an additional peptide (Fig. 5, lanes d and f) . The second glycosylation in the extracellular light chain presumably accounts for the fact that the intracellular and exracellular forms of glycosylated light chain consistently differed by a small amount in their apparent molecular weights (Table 2).
Does IgM produced by B-cells from ALVinduced lymphomas bind to ALV? The antigenspecific cell surface receptors of B-lymphocytes are known to be immunoglobulins (35) . Since some B-cell lines from ALV-induced lymphomas produces both IgM and virus, we have tested the receptor-mediated leukemogenesis hypothesis by asking whether the IgM produced Figure   6A shows the pattern of viral proteins immunoprecipitated from each fraction. The majority of viral proteins eluted in the void volume. The p27rar observed in the later fractions was probably the result of cell lysis during the labeling period. Figure 6B gives the pattern of proteins specifically precipitated by anti-chicken immunoglobulin serum. All of the IgM was eluted in the included fractions, well separated from intact virions. The IgM-virus complex should be eluted from this column in the void fractons.
Since the immune complexes shown in Fig.  6B were analyzed without reduction, this indicated that the monomeric IgM secreted by the cells remained intact during column chromatography. When the samples were reduced, the ,u heavy chain and two forms of light chain were recovered (data not shown). Elution of light chains in the later fractions, separated from IgM, was the result of excess production and secretion of free light chain by this cell line as described before. We do not know the origin of the 110,000-molecular-weight protein that appeared in the fractions with IgM.
In (11) .
The tumor cells studied here produce and secrete both unglycosylated and glycosylated forms of single light chains. It appears that as the glycosylated light chain is secreted, an additional glycosylation takes place. It has been reported that secretion of mouse K-type light chain is accompanied by additional glycosylation (21) . We presume, however, that glycosylation is not required for secretion because the unglycosylated forms of the light chains are also secreted in abundance. Secretion of unglycosylated light chains has been observed before (33) , but this is to our knowledge the first report of the simultaneous secretion of almost equal quantities of unglycosylated and glycosylated light chains, in either the absence or presence of heavy chains.
Antigenic specificity of IgM produced by ALVinduced B lymphomas. The genesis of thymic lymphomas by infection with MuLV has been attributed to mitogenic stimulus arising from the binding of virus to antigen receptors on the surface of the neoplastic cells (16, 20) . A decisive test of this hypothesis has not been achieved, primarily because the antigen receptors of T-cells have themselves remained elusive. The production of B-cell tumors by ALV and MuLV provides easier access to the potential role of antigen receptors in tumorigenesis. If binding of viral antigen is an essential component in the genesis of these tumors, then the neoplastic cells should possess antigen receptors that recognize viral proteins (most likely, the glycoproteins exposed on the surface of viral particles), and antibody produced by the tumor cells should in turn be directed against viral antigen. We have explored these possibilities with tumors induced by ALV and have failed to find any evidence that the tumors produce antibody against ALV. We sought the antibody in the form of immune complexes. As a result, our findings are not definitive: there is an inestimable chance that the affinity between antibody and viral antigen is low and, as a consequence, immune complexes do not survive our experimental conditions.
Some of the cell lines we have characterized do not produce complete immunoglobulin. It is therefore impossible that these cells still rely on mitogenic stimulus by antigen for sustenance of growth. These same lines have been in culture for extended periods of time, however, and they may have undergone secondary changes that have circumvented the need for antigenic stimulus.
Phenotype of ALV-induced lymphoma cells. Transformation of hematopoietic cells by leukemia viruses may cause arrest of the tumor cells at a particular stage in differentiation (2) . Our study of the phenotype of B-lymphocytes derived from ALV-induced lymphomas revealed several characteristics which cannot presently be assigned to any known stage of the pathway for B-lymphocyte differentiation. These include the following: (i) secretion of monomeric IgM; (ii) production of both glycosylated and nonglycosylated light chains from a clonal population; and (iii) the synthesis and secretion of light chain without detectable heavy chain. It seems likely to us that either neoplastic transformation or propagation in culture disturbed the normal program of development so that the tumor cells now have no normal counterparts. However, in the absence of a thorough study of normal chicken B-lymphocyte development, the possibility that B-cells from ALV-induced lymphomas display a normal immunological phenotype cannot be eliminated.
In summary, the ALV-induced B lymphoma seems to be more mature than the B-lymphocytes transformed by either reticuloendotheliosis virus-T (18) or Abelson MuLV (32) . It has become apparent, however, that the phenotype of tumor cells does not necessarily reveal the nature of the cell in which tumorigenesis began. For example, B-cells transformed by Abelson MuLV continue to differentiate during propagation in culture (1) , and the erythroleukemias induced by avian erythroblastosis virus are composed of cells more mature than the cells that are vulnerable to initial attack by the virus (10) . It is therefore possible that tumorigenesis by ALV begins early in lymphoid development, perhaps beyond the confines of the bursa, but becomes evident only as B-cells differentiate under the influence of bursal microenvironment.
We have good reason to view tumorigenesis by ALV as a protracted affair. First, tumors emerge only many months after viral infection. Second, many of the early ("preneoplastic") lesions that appear in the bursa regress with time; only a few survive to progress to frank VOL. 3, 1983 on January 18, 2018 by guest http://mcb.asm.org/ malignancy (24) . Third, at least two genetic abnormalities apparently participate in tumorigenesis induced by ALV: the enhanced expression of c-myc (12, 28) , elicited by integration of viral DNA and thus an early event in tumorigenesis; and the activation or mutation of a second cellular oncogene, detectable by transfection into NIH 3T3 mouse cells (5) . Either or both of these abnormalities may influence the course of B-cell development.
